Ecosystem service concepts can offer a valuable approach for linking human and nature, and arguments for the conservation and restoration of natural ecosystems. Despite an increasing interest in the topic, the application of these concepts for water resource management has been hampered by the lack of practical definitions and methodologies. In this study we review and analyse the current literature and propose an approach for assessing and valuing ecosystem services in the context of water management. In particular, to study the link between multiple pressures, ecological status and delivery of ecosystem services in aquatic ecosystems under different scenarios of measures or future changes. This is of interest for the development of River Basin Management Plans under the EU Water Framework Directive. We provide a list of proxies/indicators of natural capacity, actual flow and social benefit for the biophysical assessment of the ecosystem services. We advocate the use of indicators of sustainability, combining information on capacity and flow of services. We also suggest methods for economic valuation of aquatic ecosystem for each service and spatial scale of application. We argue that biophysical assessment and economic valuation should be conducted jointly to account for the different values of ecosystem services (ecologic, social and economic) and to strengthen the recognition of human dependency on nature. The proposed approach can be used for assessing the benefits of conservation and restoration of aquatic ecosystems in the implementation of the EU water policy.
Introduction
Ecosystem services are defined as the benefits that people obtain from ecosystems (MEA, 2005a) , and the direct and indirect contributions of ecosystems to human well-being (TEEB, 2010) . The concept of ecosystem services is relevant for connecting people to nature. It makes visible the key role of ecosystem functioning and biodiversity to support multiple benefits to humans. Understanding the linkages between the natural and socio-economic systems can lead to improved and more sustainable management of ecosystems .
In 2010 the parties of the Convention of Biological Diversity adopted a revised Strategic Plan for Biodiversity including the Aichi Biodiversity Targets (CBD, 2010) , a reinforced action to halt the loss of biodiversity and ensure ecosystems are resilient and continue to provide essential services. In line with this international framework, in 2011 the European Union (EU) presented the European Biodiversity Strategy to 2020 (European Commission, 2011 ) that put emphasis on the protection and value of ecosystem services, setting a specific target on maintaining and restoring ecosystems and their services (Target 2).
Aquatic ecosystems (rivers, lakes, groundwater coastal waters, seas) support the delivery of crucial ecosystem services, such as fish production, water provisioning and recreation. Key ecosystem services are also connected to the hydrological cycle in the river basin, for example water purification, water retention and climate regulation. Most of these water related ecosystem services can be directly appreciated by people and quantified, but some, especially regulating and maintenance services, are less evident. Though, all ecosystem services have to be considered for the sustainable use and management of water resources.
In Europe, the development of River Basin Management Plans (RBMP) under the EU Water Framework Directive (WFD, Directive 2000/60/EC) is an actual situation where territorial planning for water management is needed, and where the concept of ecosystem services could be adopted to recognise the multi-functionality of the water systems and account for the benefits people receive from nature, justifying the costs of protection and restoration. The Blueprint to safeguard Europe's water resources (European Commission, 2012) indicated that natural water retention measures can greatly contribute to reduce the effects of floods and droughts ensuring the provisioning of ecosystem services, and these measures should be included in the RBMPs and in the Flood Risk Management Plans. In line with the Blueprint, some recent studies have been reflecting on the potential of the ecosystem service approach in the implementation of the WFD, emphasising the opportunity of holistic system thinking to understand the cobenefits of measures and to integrate different sectoral policies (Vlachopoulou et al., 2014; COWI, 2014; ESAWADI, 2010) .
However, the lack of agreed definitions of ecosystem services and approaches for their quantification and valuation has limited the uptake by practitioners and policy makers . The MAES Working Group (Mapping and Assessment of Ecosystems and their Services), established to support the implementation of the EU Biodiversity Strategy, has suggested an analytical framework for the implementation of the ecosystem service approach in the EU, and tested it in a pilot study on freshwater and marine ecosystems . Two FP7 projects, OpenNESS (2015) and OPERA (2015) , are currently working on the general definition of concepts and methodologies for assessing and valuing ecosystem services, and on the operationalization of the concepts through real case studies. More specifically on water policy, the FP7 projects MARS (2015) and Globaqua (2015) aim to understand and quantify the impacts of pressures on the ecological status of EU waters and the consequent effects on the delivery of ecosystem services.
Understanding the relationship between multiple pressures, conditions and services of aquatic ecosystems would help design measures to achieve the target of good ecological status of water systems, foreseen by the WFD, by considering the benefits of investing in nature conservation and restoration. But the lack of clear definitions and practical methods to assess the water related ecosystem services could hamper the adoption of the approach (Kull et al., 2015; Crossman et al., 2013) . Also, while mapping of ecosystem services directly linked to land occupation is quite straightforward, for fresh water ecosystems the assessment is more complex, as the hydrological cycle and the land-water interactions have to be taken into consideration.
The objective of this study was to develop a practical methodology for assessing and valuing ecosystem services relevant for water resource management, considering the links between pressures, ecological status and ecosystem services. The work is based on literature review and scientific partners' consultation. It started from the experience of the MAES freshwater pilot and was developed within the EU FP7 project MARS.
The paper is structured as follows. The first part describes the methodological approach adopted in the study. The second part presents the results of our analysis in the form of a practical approach for assessing and valuing ecosystem services relevant for water resource management. The third part discusses the challenges in valuing ecosystem services and integrating biophysical and economic assessments.
Method
We analysed definitions and methods for assessing and valuing ecosystem services to synthesize the current knowledge and propose a practical and flexible approach relevant for water resource management. The use context of the approach is the study of the relationship between multiple pressures, ecological status and delivery of ecosystem services in water systems, with the overall goal to support the EU water policy (WFD).
1 The analysis was based on literature review and consultation of the scientific partners of the project MARS, from 24 research institutes across Europe.
The focus of the analysis is on inland waters and the spatial scale of interest ranges from the water body to the catchment/river basin and the European scale. While for water bodies the main focus is on specific ecosystem functions that support ecosystem services, and their alteration under different stressors, the catchment is the appropriate scale to observe and quantify processes related to the water cycle, and to implement monitoring and management plans to reduce multiple-pressures. The assessment and valuation of ecosystem services at the European scale allows us to address regional trends, identify hot spots in the delivery or degradation of services, test the effectiveness of regional policies (such as EU Directives) and conduct scenario analysis at the large scale. In the development of the methodology we considered these different spatial scales.
The approach that we developed is organised in four building steps: 1) definitions and scoping (Section 3.1); 2) framework (relations between pressures, ecological status and delivery of ecosystem services) (Section 3.2); 3) biophysical assessment of ecosystem services (Section 3.3); 4) economic valuation of ecosystem services (Section 3.4). In the following part of the paper we describe the results of our study proposing guidelines on how to develop these components. , and national assessments (e.g. Pereira et al., 2006; UK NEA, 2011) . In this study we are interested in ecosystem services related to water and aquatic ecosystems. MAES analysed the ecosystem services per typology of ecosystem, considering the services delivered by rivers, lakes, groundwater and wetlands in the freshwater pilot study, and those provided by transitional waters, coastal waters, shelf waters and open oceanic water in the marine pilot study. With a slightly different approach, Brauman et al. (2007) discussed the 'hydrologic ecosystem services', defined as the ecosystem services that "encompass the benefits to people produced by terrestrial ecosystem effects on freshwater", each hydrological service being characterised by the hydrological attributes of quantity, quality, location and timing. Keeler et al. (2012) described in detail water-quality related ecosystem services. Recently, Guswa et al. (2014) have addressed more generally the 'water related ecosystem services', discussing the link between hydrological modelling and the ecosystem services relevant for river basin management. From these studies we can observe two approaches in the organisation of the analysis, one per ecosystem typology and the other per hydrological relevant services (Brauman et al., 2007) . Both approaches consider the integration of all the services, the first by accounting for all the ecosystems in the analysis, the second by integrating the processes in the river basin. The ecosystem services of relevance for the water management (and the WFD) are those related to the aquatic ecosystems and to the interaction of water and land in different ecosystems, such as forests, agricultural lands, riparian areas, wetlands, and water bodies. In this study we indicate all these services as 'water ecosystem services'.
For the assessment, the identification of the relevant ecosystem services is the first step. We propose a simplified classification of ecosystem services based on the Common International Classification of Ecosystem Services Version 4.3 (CICES, 2015) , which is the framework adopted by the common implementation of the ecosystem assessment approach in the EU (Supplementary material S1, we also linked the classification of the TEEB, 2010). The idea is to offer a coherent terminology relevant for scientists, sufficiently simple for stakeholders, and meaningful for river basin managers. The services (S1) can be related to the following ecosystems: lakes, rivers, transitional waters, coastal waters, groundwater, freshwater wetlands, coastal wetlands, riparian areas, floodplains. Providing a list of ecosystem services can support the practical implementation of the methodology, but of course the list is not to be considered exhaustive and more services can be included, especially hydrological services relevant for river basin planning and decision making.
(
Step 2) Framework À Linking pressures, ecological status and ecosystem services for water management Understanding the relationship between anthropogenic pressures and ecological status is the basis of the RBMP, in order to devise cost-effective measures to achieve a good ecological status for all water bodies. In particular, for planning sound restoration actions, it is necessary to consider the complex links between pressures combinations and the ecological response of aquatic systems (Teichert et al., 2016; Brown et al., 2013; Halpern et al., 2008) , as multiple pressures may have additive, synergetic or antagonistic effects . The research project MARS studies the complex relationships between multiple stressors, status of aquatic ecosystems and the delivery of ecosystem services (see Hering et al., 2015 for the MARS conceptual model).
In the EU, water pollution, over-abstractions and hydromorphological alterations have been indicated as the major significant pressures for the European water bodies (European Commission, 2015) . At the same time, concern over the increase of alien species exists (Butchart et al., 2010; Regulation EU No 1143 . Overall, the main pressures affecting the aquatic ecosystems can be summarised as alterations of water quantity and quality, and changes in the physical habitat and the biological components, as shown in Table 1 .
Human activities are the major drivers for generating multiple pressures ( Fig. 1) . Pressures affect the biodiversity and the status of the aquatic ecosystem, which can result in a change in the ecosystem services and their economic value. The excessive exploitation of ecosystem services can turn into a pressure for an ecosystem. For this reason is important to consider the resilience of the system and to introduce the notion of sustainability when assessing the delivery of ecosystem services (Fig. 1) . The interest of RBMP is to quantify the changes in the components of this system under remediation measures and scenarios of pressures.
To support the analysis of these linkages, we developed a conceptual framework for the integrated assessment of water related services (presented in Fig. 2 ). In the framework, we identify the main pressures affecting aquatic ecosystems (according to Table 1 ) and the possible links to the alteration of four ecosystem/ hydrologic attributes: 1) water quantity (including seasonality); 2) water quality; 3) biological quality elements; 4) hydromorphological & physical structure. The attributes are different from those proposed by Brauman et al. (2007) , to include in the analysis the biological and hydromorphological aspects and to make the link to the WFD elements explicit (so that the relationship to ecological status should be in principle more easy). For each attribute we selected a number of representative indicators (as examples) and identified some possible relationships with the ecosystem services suggested in this study (S1).
The purpose of this framework ( Fig. 2) is to support the users in describing the relationships between pressures and ecosystem services and design a conceptual scheme of the assessment and scenario analysis. The arrows are examples. Each user can select the relationships under analysis and complete and adapt the framework to the specific case under study. The idea is to think about the links between the selected services and specific stressors. Fig. 3 , which presents expected qualitative effects of stressors/pressures on different ecosystem services, could inspire this reflection.
Step 3) Biophysical assessment 3.3.1. Tools Several approaches to assess and map ecosystem services are available in the literature, from land cover maps combined with scoring factors (Burkhard et al., 2009 ) to specific ecosystem service models based on ecological production functions (Sharp et al., 2015) , and decision support tools (Bagstad et al., 2013 reviewed 17 tools for assessing and valuing ecosystem services). These tools usually combine ecology and economics, considering the spatial dimension. The EU FP7 project OpenNESS is studying methodologies for mapping and modelling the biophysical control of ecosystem services and approaches for the valuation of ecosystem services, for application in 27 real case studies. The biophysical methods include spreadsheet/GIS approaches Vihervaara et al., 2012) ; Quickscan (2015) ; Bayesian Belief Networks (Smith et al., 2014) ; State and Transition Models (Bestelmeyer et al., 2011) ; ESTIMAP (Zulian et al., 2013); InVEST (2015) . These methods apply to all ecosystem services, not specifically to water ecosystem services. Most of them rely on the spatial mapping of the ecosystems and land use. The water quantity and quality, and the water related ecosystem services, are affected by the complex interactions of climate, topography and geology, land cover and management, and other anthropogenic modification of the landscape. Incorporating water related ecosystem services in the decision making process requires the capacity to predict the effects of land use and climate changes on the water resources, which can be offered by the hydrological models (Guswa et al., 2014) . Hydrological and biogeochemical catchment models are appropriate tools for dealing with water related ecosystem services (Guswa et al., 2014; Vigerstol and Aukema, 2011; Brauman et al., 2007) . They can represent the dynamic of the river basin (resilience) and the temporal (lag time) and spatial distance between beneficiaries and impacts, and they can be used in scenario analysis of multiple stressors. They also allow describing physical relationships between stressors, status and services as presented in the integrated assessment framework (Fig. 2) .
Indicators
Following this line and considering the wealth of knowledge in hydrological modelling, we propose to base the biophysical assessment of ecosystem services on 'indicators' rather than 'tools'. Similar to Maes et al. (2014) and Layke et al. (2012) , we suggest the selection of some suitable indicators or proxies of ecosystem services that are directly related to water bodies or to water-land interaction in the watershed, as a flexible and handy approach to measure ecosystem services.
To support the correct understanding and appropriate use of the indicators for ecosystem services, and more generally to structure the assessment, we have to analyse which dimension of the ecosystem service is captured by the indicators. To this purpose we propose a simplified conceptual framework for structuring the analysis and the classification of indicators of water ecosystem services. The framework, presented in Fig. 4 , includes the capacity of the ecosystem to deliver the service, the actual flow of the service, and the benefits. Capacity refers to the potential of the ecosystem to provide ecosystem services, while flow is the actual use of the ecosystem services. The capacity relies on biophysical data, while flow requires the acquisition of socio-economic data. Benefits are associated with human well-being and the value system (for studies discussing the concepts of capacity and flow and cascade model of ecosystem services see Haines-Young and Potschin, 2010; Layke et al., 2012; Villamagna et al., 2013; Maes et al., 2014; Schröter et al., 2014) . Services are often associated with high exploitation of the ecosystem; the risk is an unsustainable use of nature. For this reason we are interested in looking at the sustainable flow of services. This is considered in the conceptual framework by including indicators informing about the sustainability, i.e. indicators combining capacity and flow (an example could be the Water Exploitation Index). In many cases, the information on capacity and flow is lacking, or the full capacity of the ecosystem is unknown or unaccountable. In these cases we can try to collect indicators about the efficiency of the processes (for example the removal rate of a pollutant per unit of input).
In this study we compiled a list of potential proxies/indicators for water ecosystem services based on the literature review (the indicators are provided in Supplementary Material S2). We classified them according to the categories of the conceptual framework: capacity, flow and benefit (the category of 'sustainability' and 'efficiency' were not explicitly used in the classification). Our compilation includes a total of 206 proxies and is based on Maes et al. (2014) , Egoh et al. (2012) , Layke et al. (2012) , Russi et al. (2013) and Liquete et al. (2013) (minor modifications from the original authors like re-phrasing or re-allocation were required to avoid duplications and to respect our conceptual framework). Russi et al. (2013) highlights the relevance of water and wetlands and links it to decision-making, providing a few examples of indicators for freshwater ecosystem services. We reviewed also Liquete et al. (2013) , which includes a systematic compilation of 476 marine and coastal ecosystem services' indicators, in order to cover additional aspects specifically related to transitional and coastal waters. In the literature review, other studies were also considered (although some of them do not provide directly indicators for ecosystem services): the specific studies of the Millennium Ecosystem Assessment dealing with freshwater systems (MEA, 2005b,c) ; UNEP (2009), UNEP-WCM (2011), Feld et al. (2009 Feld et al. ( , 2010 , TEEB (2010), Vigerstol and Aukema (2011) and Clerici et al. (2014) In Fig. 4 we provide some examples of indicators of ecosystem services for water provisioning and water purification, with references to studies that have used these indicators at the European scale. Other examples of application of the proposed conceptual framework for indicators can be found in Karabulut et al. (2016) 
(Step 4) Economic valuation
Several methods are available in the literature to estimate economic values of freshwater ecosystem services (see for instance Koundouri et al., 2015) . Overall, there are three categories of approaches: cost-based, revealed preferences and stated preferences approaches. Cost-based approaches consider the costs that arise in relation to the provision of services. Revealed preferences approaches refer to techniques that use actual data regarding individual's preferences for a marketable good which includes environmental attributes. Stated preferences approaches refer to methods based on structured surveys to elicit individuals' preferences for non-market environmental goods. Another practical way to value ecosystem services under non-availability of sitespecific data or funding constraints is the benefit transfer approach. This approach consists of using economic estimates from previous studies to value services provided by the ecosystem of interest (Navrud and Ready, 2007) . The methods for economic valuation available in the literature are summarised in Supplementary Material S3.
For the economic assessment, the first step consists of identifying the benefits provided by the ecosystem service to be valued. Fisher et al. (2009), Fisher and Turner (2008) argued that it is the easiest way to perform a valuation exercise avoiding any double counting. Following this approach, only the services that have a direct impact on welfare are valued. The spatial scale of the assessment is also relevant for the selection of the method. Liquete et al., 2015 (sustainability) for water retention (nitrogen purification).
Table 2
Freshwater ecosystem services, type of value and applied valuation methods. The classification of ecosystem services has been developed for fresh and transitional water (Reynaud and Lanzanova, 2015 
Economic valuation at the water body/catchment scale
The choice of the primary valuation method depends on the ecosystem service to be valued and on the beneficiary population. Table 2 reports valuation methods per ecosystem service based on the literature review.
One of the main difficulties in the economic valuation is to decide on the size of the benefiting population (beneficiaries). Aggregate benefits depend on estimates of both individual benefits and of the number of beneficiaries (Hanley et al., 2003) . As a general rule, the beneficiaries should be the households/persons aggregated at the relevant geographic scale, and should include both users and non-users impacted by the ecosystem service considered (except for services of only local importance). In addition, for some services (for example recreational services), when spatially aggregating individual benefits, it is usually considered that the willingness to pay (WTP) decreases with the distance from water body providing ecosystem services, as the opportunities of the ecosystem service provision are expected to decrease with the distance, and concurrently the existence of possible substitutes is assumed to increase (Bateman and Langford, 1997; Georgiou et al., 2000; Jørgensen et al., 2013) . Generally a distance decay function is adopted to take into account the decrease of the willingness to pay with the distance from the water body providing the ecosystem services (Bateman et al., 2006) . This distance determines the boundaries of the geographical area, or socalled economic jurisdiction, over which the individual WTPvalues can be aggregated over the population of beneficiaries to calculate the total economic value of a proposed scenario of environmental change (Schaafsma et al., 2012) . However, the specification of the distance decay relations has been highly debated among economists. A number of studies have examined in particular how the distance decay relation differs between users and non-users of the ecosystem service (Hanley et al., 2003; Bateman et al., 2006) .
Economic valuation at the large/continental scale
At the large/continental scale, such as the European scale, methodologies upscaling values of primary studies (value transfer) and accounting for the spatial heterogeneity of biophysical and socio-economic characteristics are more appropriate. This approach consists of a meta-analysis using the results of available past studies on ecosystem services valuation in water bodies to estimate a function that represents the relationship between the features of water ecosystems and the value of the services they provided (see Brander et al., 2006 Brander et al., , 2007 for examples of metaanalysis for the valuation of ecosystem services).
The first step of a meta-analysis consists of searching and selecting studies valuing services provided by ecosystems similar to the one of interest (the policy site), most often through systematic searches. All relevant data from primary studies are collected and organised in a meta-database, including information on methods applied, ecosystem services valued, biophysical characteristics of the ecosystem, and the characteristics of the beneficiaries of the ecosystem services. To enable a comparison across studies, the economic values reported using different metrics (i.e. WTP, marginal values, capitalized value) are standardized. However, this is a difficult and controversial task (Ghermandi et al., 2010) . Purchasing power parity indexes are applied to the original values to account for differences in purchasing power among countries, and appropriate price deflators are used to deal with the difference in the years of observation (Ghermandi and Nunes, 2013) . In addition, values issued by different methods are normalized. For example values are expressed in monetary units per area and time (Ghermandi et al., 2010; Brander et al., 2012) ; or per visit and time (Brander et al., 2007) or per household/respondent and time (Brouwer et al., 1999; Johnston et al., 2005) . The following step of the metaanalysis is the estimation of the meta-values transfer function. A regression technique allows accounting for the biophysical or socio-economical differences between the primary study sites and the policy site. There are two popular panel-data models which can be used for estimating the meta-regression model, e.g. the fixedeffect model and the random-effect model. The random-effects model allows the true effect size to differ from study to study and this is the approach usually recommended. The values of ecosystem services that are estimated by the regression analysis are then transferred and aggregated at the larger geographic areas through a scaling-up procedure. The most appropriate transfer function among the different meta-regression specifications has to be selected based on the explanatory power of the model, sign and significance of the coefficients estimated. In addition, the appropriate geographic scale for transferring values has to be defined (Ghermandi and Nunes, 2013) .
Discussion
Considering the current and impellent challenge of the implementation, i.e. being able to translate the concepts of ecosystem services into practice (European Commission, 2011 Guerry et al., 2015) , the need to be operational constituted one of the leading criteria in the development of the present review and proposed approach. We considered this research as a learning process. The application of the approach is on-going in the project MARS at the catchment and the European scale. This will provide the necessary feedback to improve and refine the approach.
Here we discuss some aspects that we consider important when assessing and valuing ecosystem service to support the WFD and RBMP, and how the proposed approach could address them.
The valuation of ecosystem services
The WFD refers to economic valuation in decision-making to support the RBMP in the identification and selection of costeffective Programmes of Measures (PoM, WFD Article 11). Quantifying the benefits (ecosystem services) that nature provides to people would help justify the investments in conservation and restoration of aquatic ecosystems. In addition, the development of the PoM can be improved integrating all relevant ecosystem services, by considering the co-benefits of different measures and nature-based solutions on different ecosystem services (Liquete et al., submitted) . The benefits of ecosystem services could also be included in the cost-benefit analysis to implement the costrecovery principle in the water supply system (WFD Article 9) (Vlachopoulou et al., 2014; COWI, 2014) .
Yet the valuation of ecosystem services also involves some important risks, i.e. creating economic markets for provisioning, regulating and cultural services. We have to reflect on the notion of 'valuation'. Any decision involving trade-offs of ecosystem service implies valuation (Costanza et al., 2014) . There are different values in the relationship of human and non-human nature, including inherent, fundamental, eudaimonistic and instrumental values (Jax et al., 2013) . The values that are captured by the ecosystem service concept depend on how the concept is operationalised and implemented (approaches and methodologies used). Different stakeholders have different value systems and perspectives. Therefore involving all the stakeholders in the valuation process is necessary to consider the plurality of values, while neglecting some values would exclude the people who embrace these values (Jax et al., 2013) .
The notion of value should not be restricted to the mere monetary value but embrace a larger range of values. If restricting the value of ecosystem services to economic value, we risk false accounting of all value dimensions and environmental components (trade-offs) of policy decision (Keeler et al., 2012) . 'Value pluralism' refers to the idea that there are multiple values, including economic (monetary), sociocultural and ecological values. An integrated valuation should endorse the value pluralism (Gómez-Baggethun et al., 2014) . The valuation techniques vary with the typology of values to be elicited and the scope of the valuation exercise, the geographical scale, spatial resolution, and reliability and accuracy required. The purpose of the valuation can range from awareness raising, to accounting, priority setting, instrument design and litigation (Gómez-Baggethun and Barton, 2013) .
In the proposed approach, we think it is important to interpret the economic valuation in monetary terms sensu Costanza et al. (2014) , i.e. for awareness raising about relative changes over a period in time. This excludes the intent of treating all ecosystem services as substitutable. We are interested mainly in the change of value as the result of the effects of multiple stressors changes or the implementation of measures.
Strengthen the connection human-nature
RBMPs are based on the principles of Integrated Water Resource Management (IWRM), "a process which promotes the coordinated development and management of water, land and related resources, in order to maximize the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems" (GWP, 2000) . Before the ecosystem service approach, IWRM already stressed the need for connecting environment and human well-being and proposed the integration of multi-disciplinary knowledge from different sectors and stakeholders in the water management. The ecosystem services approach has significant similarities with IWRM. Cook and Spray (2012) argue that the two concepts are 'nearly identical'. Both aim at a management of natural resources that optimises the economic and social welfare and contemporary insures the ecological sustainability, integrating the knowledge of stakeholders and multiple disciplinary perspectives. Ecosystem services and IWRM both share the goal of negotiating the trade-offs between different human and ecosystem needs, while supporting sustainability, and require the involvement of stakeholders for making explicit the whole range of values (not only economic values). The ecosystem service approach offers a framework for analysing the trade-offs among different services and the links to beneficiaries (Brauman et al., 2007) . Learning from the criticisms to IWRM would help improve the adoption of the ecosystem service approach. These criticisms are related to the lack of consistent definitions, the difficulty of developing a holistic approach, the risk of opposite interpretations of the concepts, and the failure to incorporate the principles in the governance (Cook and Spray, 2012) . The 'implementation gap' is an important challenge for the ecosystem service approach and this study aims to contribute to this endeavour.
To address current sustainability challenges the recognition of the dependency of human well-being on natural capital is necessary . Integrative frameworks such as the ecosystem service approach allow incorporation of natural components in the system analysis (Liu et al., 2015) . The concept of a human-ecological system advocated by the ecosystem service approach is powerful in linking biophysical processes and human benefits, and allows ecosystem services to be valued and integrated in the river basin decision making process. However, economic models to value ecosystem services related to water quality are often poorly integrated with the biophysical models describing the underpinning natural processes (Keeler et al., 2012) .
In this study we considered both dimensions of biophysical assessment and economic valuation and we suggest to perform them in collaboration. This is a crucial but evasive step of ecosystem service analyses, and remains one of the main challenges in this field research . The integration also depends on the method used for the assessment. In the case of freshwater systems, many biophysical results (coming from models or measures) can be used as an input for economic valuations. Some examples are the improvements of juvenile fish to estimate the economic enhancement of commercial fish by seagrass (Blandon and zu Ermgassen, 2014) , the nitrogen retention efficiency used to estimate the replacement cost of water purification (La Notte et al., 2015) , the forecasted trend of fish biomass used to estimate future employment in the fishing sector, the erosion rate or level of degradation linked to loss in property values, or the climate records and forecasts linked to economic damages caused by floods.
Conclusions
The method proposed in this paper to assess and value water ecosystem services provides some knowledge basis for the enrichment of water management; in particular it proposes a more holistic view to the implementation of the EU WFD linking multiple pressures, ecological status and delivery of ecosystem services. Under this perspective, the analysis of cost-effective and remediation measures can be improved including all hidden benefits and beneficiaries from water ecosystem services.
The first part of the analysis should at least identify the ecosystem services of interest and frame the major effects of multiple drivers and pressures on the ecological status of water bodies. Then, the approach suggests a biophysical quantification of the natural capacity, actual flow and social benefit of water ecosystem services. We propose to use selected proxies/indicators based mainly on hydrological models or data for this part of the assessment. One important and novel point in this approach is to assess also some sustainability (or efficiency) index that estimates the flow of service that can be sustained with a certain capacity. This could avoid the overexploitation of certain services. The proposed method includes also the economic valuation of aquatic ecosystem, providing a list of techniques for each service and spatial scale of application. There is a large variety of valuation methods that have to be carefully selected. Valuing water ecosystem services could highlight hidden benefits for society and could raise awareness among users and stakeholders. Even if monetary values are probably the most appealing arguments for water management, we also advocate and describe the advantages of using a plurality of values. Overall, the proposed approach can be used for assessing the benefits of conservation and restoration of aquatic ecosystems in the implementation of the EU water policy.
There are opportunities by adopting the ecosystem services approach to capture and integrate all the effects (economic, environmental and social) associated with new water plans and investments. Performing biophysical assessment and economic valuation collaboratively could boost awareness and inclusion of the interdependence of nature and people for a sustainable management of water resources. The integration of biophysical and economic approaches and data remains one of the main challenges and key aspects of this approach.
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